Human herpes virus-8 (HHV-8) is associated with Kaposi sarcoma (KS) in patients with AIDS as well as in patients with endemic KS who are HIV-negative [1] [2] [3] [4] [5] [6] . Studies in the United States and Europe have found the risk of KS and HHV-8 infection to be higher in HIV-positive men who have sex with men than in persons who acquired HIV-1 by injection drug use or heterosexual contact [7, 8] . Although KS is very common among patients with AIDS in Western countries, occurring in ∼20% of male subjects with AIDS who have sex with men, only 0.2% of 101,945 adult or adolescent patients with AIDS in Thailand who were reported to the Ministry of Public Health (Bangkok) during 1994-1998 had KS [9] . This lower prevalence of AIDS-related KS might reflect a lower prevalence and incidence of HHV-8 infection among the Thai population or, perhaps, that the pathogenesis of KS in Thailand differs from that in Western and some African countries where KS is more common. Few studies of HHV-8 infection have been done in Asian countries, the number of individuals included in these studies was small, and there was no evaluation of the factors associated with HHV-8 infection [11, 12] .
The goal of our study was to determine the seroprevalence of HHV-8 among ∼1000 individuals infected or at risk for infection with HIV in northern Thailand. We examined HHV-8 seroprevalence by demographic variables and by characteristics associated with sexual transmission among women married to HIV-1 infected men and among HIV-infected and HIV-uninfected men.
METHODS
We designed a cross-sectional study that involved participants from 2 cohorts, the Chiang Mai couples study cohort and the sexually transmitted diseases (STD) clinic cohort.
Parent cohorts and study population. The Chiang Mai couples study was designed to estimate the frequency of heterosexual transmission of HIV in Thailand and to determine the associated risk factors [13, 14] . Between 1992 and 1998, male blood donors who tested positive for HIV-1 at Chiang Mai University Hospital were contacted, and if they were married to a monogamous woman without other risk factors for HIV infection, the couple was invited to join the study. A total of 624 HIV-positive men and their wives agreed to participate; the men and women were interviewed separately to obtain demographic data, medical history, and history of contraception, blood transfusions, sexual practices, STDs, and injection drug and alcohol use. The women were tested for HIV after they gave their informed consent [13] . In the present study, serum samples obtained from 200 HIV-concordant and 200 HIV-discordant couples (800 persons) from this population were selected randomly for HHV-8 testing. Baseline data were missing from 1 individual for 6 couples (5 wives and 1 husband), and duplicate data were available for 1 couple. The final sample included 393 couples and 6 individuals. Because the couples cohort only included men who were infected with HIV-1, a second cohort of 200 men from 1 of 5 STD clinics were enrolled to examine HHV-8 seroprevalence among sexually active men who were seronegative for HIV-1.
Individual personal identifiers were removed from all of the samples in our study, which were tested anonymously for HHV-8 antibodies. The study was reviewed and approved by the institutional review boards at the Johns Hopkins University (Baltimore, MD), the Thai Ministry of Health, and Chiang Mai University (Chiang Mai, Thailand). Written informed consent was obtained from each of the subjects when they enrolled.
Laboratory evaluation.
The coded blood specimens were tested for HHV-8 seropositivity using an indirect immunofluorescence assay (IFA) with a BCBL-1 cell line at the University of Pittsburgh School of Medicine (Pittsburgh, PA). Antibodies against lytic HHV-8 proteins were detected by IFA, as described elsewhere [5] , and all results were read twice by the same reader in a blinded fashion. The samples were classified as positive if reactivity occurred at both the 1:50 and 1:100 dilutions, as negative if reactivity did not occur at 1:50 or 1:100, or as indeterminate if reactivity was demonstrated at 1:50 but not at 1:100. All samples with positive titers were further diluted to determine the highest titer at which immunofluorescence could be detected. Known HHV-8-positive and -negative serum specimens were tested simultaneously as controls. Lymphocyte subsets were measured by flow cytometry; HIV-1 viral load was measured using the Amplicor quantitative assay, version 1.5 (Roche Diagnostics).
Risk factor assessment. Factors investigated for their association with HHV-8 infection included characteristics related to sexual transmission (i.e., number of sexual partners, frequency of sex, duration of sexual relationships, and STD history), history of injection drug use, and demographic characteristics. Age at first sexual intercourse was dichotomized as above or below the mean of 18 years.
Statistical analysis. The seroprevalence of HHV-8 overall and according to HIV status and to sex were compared. x 2 tests and 95% CIs were computed to compare binomial proportions and to determine whether differences were statistically significant. Stratified analysis was performed on the data from the couples to determine whether HHV-8 seroprevalence among the wives of HIV-positive men was associated with the wife's HIV status or her husband's HHV-8 status. Wilcoxon rank sum tests were used to compare the differences in HHV-8 antibody titer distributions between groups.
The distributions of continuous variables (i.e., age at the time of study enrollment, age at first sexual intercourse, number of sexual partners, frequency of sex, and duration of sexual relationships) were examined and compared by HHV-8 serostatus, using nonparametric Wilcoxon rank sum tests and analysis of variance. Univariate ORs were used to evaluate the association between these characteristics and HHV-8 seropositivity. These analyses were stratified by HIV serostatus to identify characteristics specifically associated with HHV-8 infection.
RESULTS

HHV-8 seroprevalence by HIV status and sex. Baseline characteristics of the final study population (
) are shown N p 992 both overall and according to cohort in table 1. Because the STD cohort contained data for HIV-negative men only, statistical comparisons of the 2 cohorts were restricted to men. The men did not differ significantly by mean age at the time of enrollment, mean age at first sexual intercourse, or education level (table 1) .
Overall, 240 participants (24.2%) were HHV-8 positive, 749 were HHV-8 negative, and 3 had indeterminate results (figure 1). Seroprevalence was higher among those who were HIV positive (28.1%), compared with those who were HIV negative (18.3%;
). Among men, seroprevalence was also higher P p .001 among those who were HIV positive, but among the women, the seroprevalence did not significantly differ according HIV serostatus ( ). HHV-8 titer distributions within subgroups. The HHV-8 titers among the 240 participants who were seropositive for HHV-8 ranged from 1:100 to 1:25,600. Samples from persons who tested positive for both HHV-8 and HIV had higher titers than did samples from HHV-8-positive, HIV-negative participants ( ) (figure 2); this difference in titers was seen for P ! .001 both sexes. Among the 104 coinfected men with CD4 cell data available, the HHV-8 titers were disproportionately distributed; men with CD4 cell counts of !200 cells/mL had significantly higher titers than did those with CD4 cell counts of у200 cells/ mL ( ) (data not shown). P p .01 Risk factor assessment. Among persons in the couples study, age and education were not associated with HHV-8 seropositivity in either HIV-positive or HIV-negative subjects (table 2) . A significant increase in HHV-8 seroprevalence was seen among HIV-positive persons in the couples study who reported an older age of first sexual intercourse. This association was not seen in the HIV-negative women. History of STD or a previous transfusion were not associated with HHV-8 seropositivity. In addition, HHV-8 seropositivity was not associated with the frequency of sexual contacts or length of time that the subject was married.
Among HIV-negative men in the STD cohort (table 3) , age, education level, histories of cigarette smoking or alcohol consumption, and age at first sexual intercourse were not associated with HHV-8 seropositivity. There was little difference in seroprevalence between men with an STD history and those without such a history. The seroprevalence did not differ with respect to the lifetime number of sexual partners for these men. Men who had had у1 male sexual partner during their lifetime had a higher HHV-8 seroprevalence, but the number of such men was small ( ). n p 10
DISCUSSION
In this study we found an overall HHV-8 seroprevalence of 24.2% among 992 adults in Thailand, most of whom reported only heterosexual sex as a risk factor for HIV infection. The HHV-8 seroprevalences among HIV-positive and HIV-negative women in our study were 27.9% and 23.8%, respectively. These rates were higher than those reported among women in the United States, which ranged from 4% to 21% among HIVpositive women and from 1.2% to 11.6% among HIV-negative women [10, [15] [16] [17] . In our study, the relatively high HHV-8 seroprevalence among women did not differ by HIV status, which was not the case in earlier studies in the United States and Italy [10, [15] [16] [17] [18] . In Italy, where classic KS is frequent and AIDS-related KS is common, HHV-8 seroprevalence rates among HIV-positive women and HIV-negative women were 71.4% and 29.8%, respectively [18] . Several studies have found a strong correlation between HHV-8 seroprevalence and the occurrence of classic KS, endemic KS, and AIDS-related KS in various countries in southern Europe and Africa [10, [18] [19] [20] . This correlation has been cited as evidence that HHV-8 plays a role in the development of KS [10] . In some countries, however, such as Ghana and Egypt, a high seroprevalence of HHV-8 does not correlate well with KS [11, 21] . In addition, high rates of infection with HHV-8 have been found among Amerindians in Brazil, even though KS has not been reported in that population [22] . Our finding of a relatively high HHV-8 seroprevalence rate in Thailand, where HIV prevalence is high but AIDS-related KS is rare, supports the hypothesis that factors other than HHV-8 and HIV infection might be important for the development of KS. Evidence for the heterosexual transmission of HHV-8 has not been as consistent as has evidence of the risk of sexual transmission among homosexual males [7, 10, 20, 23] . One of the cohorts we studied allowed us to examine characteristics associated with the possible heterosexual transmission of HHV-8. All of the women in this analysis were from the couples cohort and were selected to evaluate HIV-1 transmission from a single HIV-positive male partner. The transmission rate of HIV-1 to such women was 46.3% and presumably was due to heterosexual sex [13] . Among the 102 HHV-8 seropositive women in our study, only 32 (31.4%) of their husbands were also seropositive for HHV-8, indicating that most of the HHV-8 infections in these women were not acquired from their husbands. In addition, we did not find associations between HHV-8 seroprevalence and history of STD, number of sex partners, frequency of sex, or length of cohabitation. Furthermore, the seroprevalence of HHV-8 increased as the age at first sexual intercourse increased, which is the reverse of what one would expect if HHV-8 was commonly transmitted through sex.
Our finding that a women's HHV-8 status was not associated with her husband's HHV-8 status contrasts with reports from Israel [24] and Italy [25] . Two recently reported studies from Africa have found HHV-8 infections to be correlated with risky heterosexual sex, suggesting that heterosexual transmission of HHV-8 occurs in those populations in which KS is endemic [26, 27] . However, another HHV-8 study from Africa concluded that HHV-8 is rarely transmitted sexually in this area of endemicity [28] . This is the first study in Thailand and one of the few in Asia designed to assess the seroprevalence of HHV-8 and characteristics associated with infection in a group of heterosexual persons who were HIV-infected or at risk for HIV infection. The study populations were sexually active adults, who may not be representative of all populations in Thailand. Although we were able to determine the prevalence of HHV-8 infection in this study population, the cross-sectional nature of the data does not allow us to establish the temporal associations between various characteristics and HHV-8 infection or to determine when participants developed their infection. Thus, although HIV infection was associated with higher HHV-8 seroprevalence, we do not know whether HIV infections preceded or followed HHV-8 infections. In prospective studies examining the temporal relationship between HIV and HHV-8 infections among homosexual men, 2 groups of investigators found that men who seroconverted to HHV-8 after HIV infection had a significantly higher risk for developing KS than did those who acquired HHV-8 before HIV [5, 6] . If most of the HHV-8 infections in Thailand occurred during childhood, well before HIV-related immunosuppression, the immune system might be able to contain HHV-8 replication, even after subsequent HIV infection or AIDS, and prevent progression to KS [29] . Higher titers of HHV-8 antibody have been found in saliva than in genital secretions, suggesting that oral contact may be important in transmission [30] .
Other intriguing possibilities are that HHV-8 strains in Thailand and other Asian countries are genetically different from strains in areas where KS is more common, as has been reported with respect to Brazilian Amerindians [22] , or that cofactors important to the pathogenesis of KS are absent in Thailand. Perhaps there is a genetic susceptibility to KS among HHV-8-infected persons in the United States and Europe that is lacking in the Thai population. Regardless, our data indicate that the fact that KS is rare among patients in Thailand with AIDS is not because HHV-8 infections are uncommon in this population.
